Abstract. Gracilaria sp. is one of macroalgae that contain high amount of sugar especially galactose. This galactose can be fermented into bioethanol by galactose-consuming microbes similar to the widely known ethanol production by yeast S.cerevisae. Hence the main objective of this study is to isolate galactose consuming microbes which capable of fermenting galactose into bioethanol. For this purpose, microbes-containing sample from seaweed culture were grown on galactose agar and tested for their survival as well as ethanol production capability. Seven isolated microbes belong to fungi and bacteria species were tested for their capability in fermenting galactose to produce ethanol. The concentrations of ethanol that have been produced by isolated microbes were analyzed by dichromate method whereas the consumption of galactose was determined by Dinitrosalicyclic acid (DNS) method. It was found that ethanol production resulted from fermentation by S1, S2, S3 and S4 were 0.80% (w/v), 0.74% (w/v), 0.81% (w/v) and 0.85% (w/v) respectively. Identification of these strains, as well as optimization of their ethanol fermentation are undergoing in our laboratory.
Introduction
The growing concern of fossil fuels depletion and the associated environmental issues has driven scientist to find an alternative renewable and environmental-friendly energy sources. Among these, bioethanol is widely acknowledged as a good example of renewable energy. Bioethanol has been introduced since years ago but only Brazil and United State which widely use bioethanol for public transportation fuel [1] .
The main problem of bioethanol is the raw material. The food vs. fuel issue has attracted the attention as bioethanol use edible crops for producing fuel. Besides, the use of arable land and chemical fertilizer needed for the crops used in producing fuel also has been disputed. Seaweed has been chosen in order to overcome the problem. The high growth rate, no need for arable land and fertilizer are the reasons why seaweed is potential to be used as raw material for bioethanol production [2, 3, 4] .
Seaweed is famous for rich in sugar and contains low concentration of lignin [5] . Gracilaria sp. contains monosaccharides which are 2-O-methyl-3,6-anhydro-α-L-galactose, 6-O-methyl-β-Dgalactose, galactose and glucose [6] .These monosaccharides potentially can be converted to ethanol by using suitable microbe that able to utilized them via fermentation process.
Utilization of glucose for ethanol production are well-known for it process and type of microbe that are used. But galactose utilization for fermentation has not been fully explored yet. Typically, microbes prefer to consume glucose rather than others monosaccharide. Others monosaccharides will be used after the depletion of glucose [7] . This is because glucose will directly enter the glycolytic pathway while galactose will have to undergo conversion to intermediate of glycolytic pathway before it can be used [8] . Therefore, this paper will discuss on isolating microbe that able to consume galactose and at the same time produce ethanol as the product.
Methods
Sample Collection. Fresh seaweed (Gracilaria sp.) was taken from seaweed farmer at Sungai Petani, Kedah and transported to laboratory at Perlis. Then, fresh seaweed was transferred into aquarium which has been filled with seawater and equipped with pump and filter. Seaweed was left to grow in the aquarium until the day of experiment.
Isolation of Bacterial and Fungal Strains.
Bacterial and fungal strains were isolated from fresh seaweed surface and water surrounding seaweed. Galactose agar was prepared by mixing galactose and agar (galactose 2% (w/v) and agar 1.5 % (w/v)). A sterile cotton bud was used to swap on seaweed surface and streak it onto galactose agar whereas 10µl of water from seaweed surrounding was spread onto galactose agar respectively [9] . All agar plates were incubated at 30 o C for 48 hours.
Carbon Dioxide Production Test. 20ml of sterile distilled water and 4g of galactose was mixed in universal bottles. A loop of isolated microbes was transferred aseptically into the respective bottles. Then, the bottles are left for 20 minutes and the bubbles produced were observed.
Ethanol fermentation
Pre-culture of isolated microbes. Isolated microbes were inoculated on agar plate (galactose 2% (w/v), yeast extract 1% (w/v), peptone 2% (w/v) and agar 1.5% (w/v)) [10] and cultivated at 30 o C for 48hours. Single colonies for respective isolated microbes were transferred into 20ml sterile nutrient broth for bacterial strains and sterile YPD broth for fungal strains. Then, they were cultured aerobically at 120 rpm and 30 o C for 24 hours. Analytical methods. 5ml samples from fermentation medium were aseptically taken from day one to day five and centrifuged for 10 min at 6,000 rpm. The supernatant of the samples were used for quantifying galactose concentration and ethanol content. Galactose consumption by isolated microbe were quantified by Dinitrosalicyclic acid (DNS) method [11] . 3ml of DNS reagent was added into test tubes that contain 3ml of supernatant from fermentation samples. All test tubes were lightly close by its cap and heated for 7 minutes in 90 o C to develop the red-brown color. 1 ml of 40% potassium sodium tartrate solution were added into all test tubes and cooled in cold water bath before absorbance were recorded at 575nm by using UV-visible spectrophotometer. Standard curve for galactose was prepared by using different concentration of galactose solutions. For ethanol content, dichromate method was used. Dichromate assay was prepared by dissolving 7.5 g of potassium dichromate in 5 M H 2 SO 4 and final volume was adjusted to 250 ml with deionized water [12] . Ethanol standard curve was prepared by adding 300µl of ethanol solutions into universal bottles that containing 3ml of acid dichromate. The bottles were fully covered with parafilm and kept at room temperature for 30 minutes and absorbance was recorded at 590nm.
Result and Discussion
Isolation of bacterial and fungal strains. As the seaweed contain high amount of galactose, we are interested to find microbe that able to consume galactose and produce ethanol. In order to get galactose consuming microbe, seaweed surface and water surrounding seaweed are chosen to be the sources to isolate the microbe. By our hypotheses, microbes that able to grow on the seaweed and/or in seawater around the seaweed may use the seaweed as their carbon source. Hence, there is a possibility that the microbes are able to ferment galactose in seaweed to bioethanol. From the result of isolation, there are seven microbes that able to grow on galactose agar (Fig. 1) . This agar only contains galactose and agar. Thus, microbes that able to grow on this agar are the microbe that able to consume galactose as their sole carbon source. Seven microbes were isolated using this agar, which morphologically can be grouped into four strains of bacteria and three strains of fungal strains. Fig. 1 . The different colony of microbes can be observed on galactose agar when isolated from seaweed surface Carbon Dioxide Production Test. All seven isolates were tested for carbon dioxide production test. This test is to narrow down the selection of microbe for fermentation process because stoichiometrically each mole of sugar would produce two moles of ethanol together with the release of two moles of carbon dioxide (Equation 1). Hence, the release of carbon dioxide indicates the ability of microbes to ferment galactose in liquid media to produce ethanol. The release of carbon dioxide can be seen by bubbles present in the medium. From this simple test it was observed that four isolated bacterial strains released high amount of carbon dioxide as compared to three isolated fungal strains. Therefore, four isolated bacterial strains were used in the subsequent fermentation experiments.
C H O → 2C H OH + 2CO
(1) Fermentation. The consumption of galactose during fermentation process by isolated bacterial strains showed positive kinetic pattern as galactose concentration decrease with time (Fig. 2) . For the first 24 hours, the galactose consumption rate was high for all isolated bacterial strain. This is because at this stage, the bacterial cell divided at their most high rate and consuming the galactose very rapidly [13] . Isolated bacterial strains were temporarily named as S1, S2, S3 and S4 before being characterized and identified later. Ethanol production resulted from fermentation by S1, S2, S3 and S4 were 0.80% (w/v), 0.74% (w/v), 0.81% (w/v) and 0.85% (w/v) respectively. Although S4 bacterial strains produce the highest ethanol production when comparing to other isolated bacterial strains, the value still low when compared to Saccharomyces cerevisiae (NCIM 3455) which produces 2.18% (w/v) of ethanol [14] . Among the reason for getting low percentage of ethanol was because the conditions that has been selected for fermentation not suitable with S4 bacterial strain. Therefore, the bacterial strain did not able to grow at optimum conditions in order to produce high percentage of ethanol. 
Conclusion
We have isolated four bacterial strains that potentially capable of consuming galactose for ethanol production. Biochemical and molecular identification of these strains are still in progress. Once these strains are identified, their optimal growth media and condition will be adopted to enhance bioethanol production capability. Further optimization in terms nutrient composition, pH, temperature and agitation rate for optimized ethanol fermentation will be performed.
